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FOREWORD

This report vas prepared by Ncrth Americen Aviation, Inc., Los Angeles
Division, unler Air Yorce Contract AP 33(615)-2496, "Experimental Study of
Additive Drag of Supersonic Propulsion Systems”. The report vas previously
issued as contractor's report NA-66-10 prior to Air Yorce approval.

The program wvas sponso,»d by the Components Branch, Research and
Technology Divisiw, Wright-Pavierson Air Yorce Base, Ohio. Progren
ncnitor vas Mr. R, J. Gratz, A’2C, The USAP Project and Tusi uwubers were,
respectively, 3066 a=3 306603.

The progran wvas initiated on 1 April 1965 and completed oo 1 April
1966, and the report vas submitted ty the'suthors on 19 May 1956 for
approval. Experimental work was carried out during 2. July thru 13 August
10 the NASA ames 6' x 6' Supersonic Wind Tunnel with tbe astistance of KASA
personnel R. A, Taylor, Project Cooriiznator, and C. E. Redstrom, Project
Ingineer. Principal contractor persounel were G. C. Tamplin, M. W. FPetersen
apd L. C. Young. .

The Aero Propulsion Ladoratory, Turbine Engine Coamponents Brasch (APIC)
1s maintaining e copy of the full test program data tape. Informstion
concerning tape avellability can be requested thru that office.

Pidblication of this report does not constituts Air Yorce approval of
the report findings or conclusions. It 1s published only for the

Ernest C. Bimpson
Chief, Turbine Engine Divisiocn
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' ABSTRACT

L 4 Inlets sized for supersonic aircraft operstion are oversized at
tronacnic speeds. Epilling excess air around the inlet creates spillage
drag which can sericusly penalize the low altitude penetration renge of mixed |
wisaion aircraft. BSpilling, also creates inlet cowl lip sucticn forces
vhich can cancel a portion of this drag, but available dats on spillage drag
and its partial recovery ob the cow)l lir were not sufficient for necesgsery
design and perfomance studies, Generalized wind tunnel studies of inlet
spiaiage were reguired to supply the neaded information.

In 1964, NAA/LAD designed and built a "workhorse" model for in-house
te5ts of pitot inlet spillage drag. Under cootract AP 33(615)-2496, the
"worxhorgse" portion of this model was fitted with rectargular superscmnic
inle.3. Wind tunnel tests were conducted and are reported herein. Testing
was done in the NASA Ames Research Center's 6' x 6' Supersonic Wind Turnel,
primarily in the 0.7 to 1.4 Mach number range. The model had four inter-
changeab.e ramps, four sets of side plates and ten interckangesble covls.
The primary test coufigurations were shock-on-covl Mach 2.2 and Mach 3.0 design
point inlets.

Low drag flov spillage requires decreasing the inlet flowv area by (a)
increasing the external ramp angle or (b) rotating the cowl inward. Test
data shov that ramp spillage creates lover total drag. The minirmm spillace
drag configuration would use miror deflections of both ramp and cowl. Howsver,
the cowl actuaticn weight penalty muat be considered.

Experimental transonic ramp pressure drags were normalized and ccmpared
with trepsonic similarity wvork on wedge airfoils. These ramp drag data,
togcther with cowl dreg and spillage arag correction (Kapp) factors developed

. in this report, are valuable tools for inlect design end performance studies.
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A®

ALDP

Ao/A
(Ao/Aduax cawumD

(Ao/ Ag )REF
A

LIST OF ABEREVIATICNS AND GYMBOLS |

DEVDNITIONS

Most aft external station of force
model exposed to flow.

Area.
8onic flow area.

Inlet capture area. The frontal
projected area of an inlet, in the
fresstrean veloclty vector directionm, -
bounded by the covl leading edge, side
plate leading edges and initisl remp

‘leading edgs.

Exit area.
Cowl 1ip station inlet area.

ALrflovw streamtube area in the freestrean.

Inlet mass flow ratio; mass flow entering
the inlet ratioced to capture area of the
inlet.

The inlet maximm mass flow ratio computed
from the Supersonic Mathematical Model of
Appendix II.

Reference mass flov ratio of the inlet.

Infinitesimal area,
Ranp or wedge chord length.
Coord direction additive drag coefficient.

Covl plus side plate pressure drag integration
coefficient in D/QoAs fomm.

N/QoAc .

Dr‘g .
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Dapd THEORY

4 Dxpp TzEORY

(Parp TvoRt)Rer
(DasiD)REF
Dy ° i

(O)rer

L.E.

Additive Drag.

The change in additive drag between inlet
operation at (A /A.) ad (Ay/Al) ey o

Theoretical additive &rag.
i S o
(Ao/Ac)rer.

Theoretical additive drag at (Aj/A.)pee:
Adaitive drag at (A/As)pry,

Iriction drag.

Drag at (Ao/Ac)pgr.

Ramp dreg.

Ramp drag at (AolAc)m..

Total inlet dreg.

General mathematical functions .

Balance force.

Bee equation 1.

Nat thrust.

See equations 2 and 3.

Gravitationsl constant.
Total presgure.

Additive drag correction factor (see
equation &),

Leading Edge.
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See equations 8 and 9.

Mach nuzber, alwvays uo;d with subsaript,
Exi* station Mach number,

Freestremn uach nunber,

Mach nunber at the covl 1lip .-uua..

A drag as defined by equation 6.
Value of X at (Ay/Ay)pep o

chn?o nlua of N between (Ao/Aq)
A/ADpgp o

Pressure,

Pressure at an exit staticn.

- Cowl 1ip station pressure,

Freestrean pressure,

Pressure on inlet ramp.

Rate of change of pressure with axial
distance,

Froeestream 4dynamic pressure.

Stagnation.

" Ramp or wedge thickness.

Freestrean and exit velocities, respectively.

wcigﬁt rate of airflov entering and exiting
from a control volume at freestresm and exit
stations.

Angle of the initial inlet ramp relative
t0 the freestream velocity vector,

xdy

3 i it Sevemsii = e oy
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Angle of the secand external inlet
raxp relative to the freestreea
velocity vector,

Change in a quantity,
Ratio of specific heats.

SUESCRIPTS

DEFINTTICE
Exit station conditions.

Freestrean station canditions.

Denotes base areas 1 and 2,

Denotes a quantity st the covl 1lip.
staticn of an inlet,

Denotes conditions behind a normal
shock wvave,

Denotes canditions on inlet ramp,
Denotes quantity at (A/Aq)rey.

Special nomenclature used in Appendixes I, IT and III have not been included.
All important naenclature is either fully explained in the text of the
Appendixes or a special pamenclature listing is given.
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b4
INTRODUCTION

The objectives of this work were (1) the experimantael study of inlet
geametric factors affecting spillege drag of rectangulsr supersenic inlets
and (2) the coaversion of measured data to correcticn factors vhich may be
applied to calculated thecretical additive drag veluas to realistically
eetimt; splllage drag and improve ths accuracy of inlete-engine performance
predictions,

Previous experirantal work, references 1 thru 10, has generally been
- restricted to drag stulies of carplete airplans countimwrations., This

peans that a wide variation of inlet geomotric factcers were not considered,
ard, more importantly, that a relatively small error in measwrement of :
coxplete configuration drag creates a large spillage Arag inzecuwracy. If
apillage drag 1s t=n percent of the total vehicls drag, an errcxr of only one

. percent in total drag measwrement preclules meaningful spillags drag stulies
of many inlet geomstric variations.

The wind tunnel test model used in this investigation wvas an inlet model
orly, not a full configuration model, The model was constructed so that a
nunber of inlet cowls, side plates and external initial ramps could de
interchanged and tested. '

The test Mach muber range vas primarily limited to Mach 0.7 to Mach 1l.4.
At lower Mach mmbers, spillage drag 1s seldom of importance, and at higher
. Mach mubers 1t 4s generally felt that theoretical predictions of spillage
drag sre ceasonadbly iccurate.

The wind tunnel test phase 1is efly suxmarized in Section II. Sections
III thru VII ere background informa.ion for the experimental results given
in the later poxrtion of this report.

—_—
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b &4
VDO TUNMEL TIST PRASE SUMMARY

1. Model. A coamprehensive descripticn of the vind tunnel force model used
in the investigaticn 1s given in Appendix I. It vas & rectangular, supersonic
inlet model having two extermal rauaps. The second external raump was variadle
from 5° to 12° relative to the freestream vector. The inlet was coostructed
80 that several covls, side plates and fixed initial ramps could de nmr-

changed. Ten cowvls, Cl thru Cl0, four fixed initial rempe nmm
four side plate nu, &1 thru Sﬂ, were tested. ! '

2. Wind Tunnel. Testing wvas conducted in the contisuous flov NASA Anes -
6' x 87 Supersocic Wind Tunnel. Nominal test conditions were

My Total Press.
0.7 - 1950 pef
0.85 1

1.1 1

1. a 1400

l. 475

1.7 1335

2.2 2190

3. Crpfigurations Tested. The followving listing suxvrizes the canfigu-
rations and Mach pumbers at vhich data were obtained. The ramp, side plate,.
and eovl configurations listed are illustrated in Appendix I. Angles of the
initial and second rsmps are o and S , rupocuvol.y, vit.hmpocttotho
freestrean vector. -

Test Mach Runders

Comfig.  Desim Vg B .70 85 11 13 Lb LT 22
RLEPICL 3.0 5° s° x x x x x x
9 x x x 2 z
1292 x . x x z
RI8P1C2 $° x «x x x %
R18P1C3 x x x x x .
RLSP1Ch x x _x x x
R18P1CS x x X 'x % x
RISF1CE x x 2 x x
RLSP1ICT x x x x 2z
R8P1CH x x = [ x x
R.8P1C9 x x x x x ,
RLSP1C10 ‘ x z x x 3
1 x x 2 x
129 x % x
R1SP3C1 ‘ 80 x ' x x x x 4
UL R 4 N | T x x

— e - B e s o
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¥

Test Mach Nuxbers

Configs . . Design a B8 .70 85 11 1.3 1.5 1.7 2.2

R2SP1CL 2.2 T T, x = x
R3SP1C1 — l.a lg x x x x x
RUEPLCL — 5 5 0 X £ 4 x x x

$ 3 x “x x
RUSPUCH — o X % x x x
\ t 9 x x
RUsPLCE — s X X x x x
: & 9° x x x x

12 x x x

'As indicsted in the second colum, inlets having Rl were shock-on-
covl design point inlets for Mach 3.0. Inlets having R2 were shock-on-cowl
at Mach 2.2. R3 end Rb first ramps had their leading edges at the same
station as Rl as shown on figure 16. The R3 and Ré ramp configurations
vere included to show the effects of first ramp angle.

Since the model 4id not have boundary layer control features, subcritical
stability at Mach 2.2 was limited. No analysis of these data was worthwhile.
Analysis of ths four sets of Mich 1.7 data wvas limited because of tunnel
flov prodlexs as cxplained later,
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ADDITIVE DRAG COUCZPT

The additive drag comcept 4s fully accepted in calculating airplace
performance althouzh no real counterpart of the concept exists in pature. It
1s a thrust-drag dockkeeping tool vhich conveniently bridges the gap detween
the engine mapufacturer'sdefihition of net thrust, ¥y, end the airfreze
mnmh:r:nr'l requirement for internal thrust, Fiyr, for airplane performance

Inlet >
Flov

Figure 1 « Propulsion Nacelle in Freestress
The airframe manufacturer requires evaluation of Frpe

e
’m - (%) (P - Po)u
[ ]

P & local static pressure
4A &~ incremental frontal ares

vhere the integral is taken around all of the interpal surfaces of the,
propulsion system. The integral regica is shown co figure 1 as the cross-
Batcbed ares extending from streastube stagpation, s, on inlet leading edges
t0 the exit from the nacelle. ¥ 1s the internally gesnersted thrust vhich
provides the propelling force for airplane, but it 1s not evaluated Yty
perforuing the camplex internal integration. Insteed, the starting point 1s
the engine manufacturer's net thrust

Py [(Pc = PolAg * V.V./ 8] - [(Po « PolAg + "ovo/ ‘]
A force-cimentum balance cn the cross-hatched free doly of figure 2

$1lustrates that Fynry 1is evaluated by subtracting "dreg” of the wbounded
stresntube from Fy:

.
)mnr.-/; (P =P)aA =¥y «Dp | K. (1)

- ——
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Figure 2 . Propulsica Nacelle in Preestresa
This unbounded streamtube “drag" is termed additive dreg, DADD,

Dypp * /. (P = Pglaa
o

Dspp is not felt on an aircralt surface , but it must be subtracted frem
Fy to obtain the required Fryp force-mamentum balance.

Detailed examination 02 the Dapp integral shows edditive drag to bde
caused by airflow spillage around the inlet. Figure 3 fllustrates that
for the no spillage case, Ao/A, = 1.0, Dapp 18 zero because the streamiube
has no frontal area for drag to occur. As mass flov is reduced, drag area
of the streamtudbe increases, static pressure within ths streamtube insressges,
and D can becoms large. Spillage causes additive drag at superscnic specds
as as at the subsonic speeds used in the illustration.

Dapp = 0 DApD > 0
* Figure 3 . Subsonic Additive Drag

Fxteinal geometry of the inlst affects the magnitude of the T

integral over the streamtube. A given spillage can be obtained with
various external remp and inlet side plate gecmetries. Ramp angle nay be
raised or lowered; side plates may be cut-back, allowing side spillage,

or extended. Each external inlet geometry creates a particular stagnation
streamtube shape and particular flov conditions within the streamtube. In
magnitude, DApp 1s a function of both the amount of spillage and the way it
is spilled (external inlet geametry). .

AT oo I
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]

ADDITIVE DRAG RECOVERY L4

The full valus of Dypp should rarely be charged as & pezalty to the y

airplanc at subsonic and lov supersonic speeds. Alr spilling around the
inlet increases velocity and decresses pressure on the leading porticns of
covl and side plates. At reduced mass flov ratios surface pressures 4rop
belov axbient, and these surfaces produce thrust rather than dreg. This is
11llustrated in figure & by a typical subsonic dats saxple “rom this research
progran. Part of the Dypp spillage drag penalty is offset by spillage thrust
ereated by sucticn oo covl and side plate lips.

*,0k

§. .a“ =3

g -.w b

S .12 1 1 A ]

5 o 2 M 6 8 1.0

s Ag/A, e~ Inlet Hass Flov Ratio ‘. }

Figure b . Additive Drag Recovery

In airplane thrust-dreg bookkeeping, it 4s usual prectie to comsider
external sirplane drag as invariant vwith inlet mass flov ratio. Thrust-dreg
items vhich do vary vith mass flov ratio are included vithin the scope of the
propulsicn systes performance. Thus, for a given flight condition a fixed
airplane externpal drag is assigned, corresponding to operation at a given
inlet reference mass flov ratio. Then, reather than equatiom 1, a nev equation
of the fom

(PrepJcOR = Py = ¢ [n,m - “’m)m] P2 (4D r. (2)

1s used t0 Jepresent the propulsion cystem.

© e e . ©——
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Equation 2 18 an idealized situation because £{ADppp ) of the parucu.hr
airplane is preoumed t0 de known. - This requires the eomtmction axd testing
of a ducted sercdynanmic force mode)l of tha given configuratics over ths
required renge of inlet mass flow ratio. Much more fregquant is performance
prediction for “"drawing board” alyplanes, crd such data is unavailable.

In practice then, equation 2, 13 modified %o become .

r .
(Pryrdcor = Py = £' | Daop Tmory = (Papp Taory )w] Eq. (3)
Py =2 ( 8Dy muory)

A theoretical ccxputed additive drag is substituted for actual edditive arag.
The £' factor is selected from previous test data of inleta a8 pearly like
the ane in questicn as obtainsble. Obviously, if (Dppp rrmony) duplicates
Dapp, the desired £' and £ factors are identical. In the rexainder of this
report, the £' factor will be called the additive draog correcticn factor and
vill be symbolized as K,pp, conforming to the usage in publissed literature:

(Porrdcor = Py = Eapr (4 Daop meory) R4 (B)

It 4s desirable that the theoretical and actual edditive drags be in
ressonsble agreement. Only then will K,py retain the physical significance
of the £ function of equation 2., A later sec’ion deals with the theoretical
additive drag caleculations used for this project and canparel theoretical

end "mcasured” additive drags.
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\J
METSOD CF DETERMINING EXPERDMENTAL VALUES OF Kjpp A 4 Dypp

FPigure 5 shovs a schematic of the test phase wind tunnel force model
and a free body diagran cf the force-momentum balance vhich was solved to
dstermine X)pp and 4 D,ppe In sddition to instrumentatlon for deterziraticn

of staticn 0 and station e conditions, base rressures and belaice force,
static pressure instrumentation vas required oo the covl and side plate 1lip
regions so that pumerical integrations of covl and side plate pressure drsg
could be made. This latter instrumsentation is dsscrided in Appendix I .

[ | e e
| e

Stagnation Btreaxtudbe

[ ]
:P-P lz"‘"""'}:—:_(‘:‘:)—__a‘_g l (PA)po
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Figure $ . Inlet Schematic and Free Body Disgram

Fron figure 5 , the chord direction force-comentum balance, the quantity
a

(P - poiu + Dg
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can b: evaluated as
j (F = P)AA + Dy = Toyp, = (W/g)o + (Pq = PIA, + (W0/6),

+ Z (Ppage = PolApusy = ¥ :
BASZS ) 2q. (5)

-

By sepgmting the integral into three campenents, streaziube drag, covl and
side plate drag, and drag of the uader<body of the model

f (;E. ‘Pg)dA + f(p = Po)dA . * f(? - Pp) | +Dp =K

Covl + are
8ide Plate : dody

Then, considering both the change in friction with mass flow ratio spd the
change ’= pressure drag of the under=body with mass flow ratio to be
negligible . -

Dupp * f(r-ro)cu + (CORST.) = ¥ "Eq. (6)
Covwl +
8ide Plate .

Froam equation 6, it is clear that the change in % vwith mass flowv is identical
vith the change in unrecovered additive drag with mass flow, aud

XADD = N~ FReF Ax
&0 meront 4 Pamp TRoRr . (7)

where

value of X at the reference
Trer e inlet mass flow ratio, (Ao/Ac)REr

The quantity 4 D,pp wcs found by substituting into equation 6 the
. pumerically integrated valuea_ of covl and side plate pressure drsg

Cowl + 8ide Plate
Dppp + (CONST.) = N = |Numerical Pressure; = M
Drag Integration J | . Eq. (8)

-M’ ) !
ADADD-M.MW-A“ EQ' (9)

Figures 6 and 7 1llustrate a typical relaticn betweendD
ADpsp Terory » Kapp(AD Ry ) and Kanp found for subsonic fiow situ-
ations. The ohorc dotted extmpolatims of measured data showvn in figure §
vere normally required to reach the selected inlet reference mass flow ratio.

*a
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ADyrp wwrory

o (8Dymp mepory ) =4%
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AgfAy & Inlet Mass Flov Ratio - o

Figure 6 « Typical Bubsonic Flov Results

(Ao/Ac)rxy
0~ - | .
| -\ ]
2 -
ug ,
o 'S i |
(1] 0.% 1.0

Ag/A %= Inlet Mass Flov Ratio

Pigure T . Typical Bubsonic Kypnp
cmsadnmuum Anm,m are exsained in Sectism

VIIXI. A detailed discussion of toe mathematical models and computer
for AD,pp qepory 48 iven in Appendix II. The mathemstical modsls for

4 DADD THRORY were deliberately simplified *o ellov hand csloulatices.
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a Yortran IV computer program was written and used, Eoth mathematical models
and computer program ere descrided in detall in Appendix II. :

-
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f . C . CALCULATION OF 4 Dypp mermomy

0 . Mathematical models vere devised for the calculation of Dypp mmrory.

The models vere kept reasonably simple to0 allov hand computaticms by the user,
ko However, because of the large pumber of calculations involved in data analyses,
£

[N

.

i : Subsonic Transonic

Figure 8 . Three Flov Regimes

Three mathematical models vere constructedt a sudsonic, s transonic
(detached shock vave), and a supersocaic model. Pigure 8 $llustrates the
three flov regimes.

«1 " The subsonic model considers that flow rotates O degrees from free-

stream to ranmp direction wit.__.ut inereasing ramp pressure. Ramp pressure

is a lunped parsmeter defined as

; o Py w (P, + P )2 ,'
vhere PLIP is & function of mass flov ratio only. All flov enters the inlet

- in direction & , and the subsonic flov field is considered isentronic and
one-dimensional.

In reality, a force {s required to rotate the flov from the freestreanm
to the ramp direction. Ramp pressurcs even at maxirum ussss flov ratio,
Myrp = 1.0, vill rise sbove P, locally., Side spillage of airflov from the
hizher pressure ramp to the freestream will oncur, but eide apillage does
not affect the maximum inlet mass flov ratio in a sudsonic flow field,
Therefore, the simplifving assumption of ove-dimensional flov 1o used in the
mathematical model, and side cpillage is neclected, ‘
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Por tho transcnic model s (non-isentropic! mormal shock veve 1s alled
forvard of tha inlet, and razp pressure is sef’s.ed as (Pyg # Pryp)/2.

The supersonic case treats z3ditive drag from three spillages:
1) superscnic 3pillage over the covl,
2) subsanic spillage over the covl and
3) superscanic srillage arcund the side plate froz tie
supersonic regiocn forvard of ths terminal shock wave.
he maximus mass fiov retio and essocisted dreg are computed considering
the sile spillage.

Yor date apalysts, Dypp mpory 808 (Danp mzory)ner Vere individually
computed using the spillage models. Then AD\pp 7eeoRy Yoo dsterninad by

40,00 Tepory ® Dand Teosy © (PanD mmoRe)rez k. (10)

e i, . A
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Vi _
SELECTION OF THE INLET REFEREICE MASS FLOW RATIO

Several factors vere considered in the selection of (Ao/Ac)rry. A listing

of the desirable characteristics of the reference valus skould includes

1) The reference Ao/Ac should be s uniquely definadle mv condition,

not some arditrary fraction of Agj

2) The reference should not be restrictive of side plate pautry,
raxzp engle or razp length;

3) The referenco should be a coarputed rathsr than a measured value

since, in 20at cases, the user vill pot bave a measured rotomcc

value

§) The r:femce mass flov ratio should not be smaller than tho
normal operating mass flow ratio of the inlet since xm is'not -
defined adove (Ao/Ac)Rzrs

5) The reference mass flov ratio should not be so large that
extrapolated data are physically unrealistic.

These factors suggest one of two maximums, the first being a ocaxputed
value of maximum inlet flov, the second being the largest mass flov ratio

. at which the inlet may be expected to operate.

For the subsonic regime the selected reference mass flov ratio 1s

(Ao/Ac)rer = ALTR/Ac . (1)

. This represents MiIp= Mg and PRaMPe Pos The measured maximum mass ﬂ.ov ratio

at My = 0.69 for the basepoint confizuration, RLSPICl and & = 5
.-'ga.lf percent larger tgn the nrg:ence value. xormany, boendary'lqyer

'A internal contraction in the inlet, and “"sharp lip lossea™ dictate inlet

operation below the reference.

For the transonic regime, the same reference is used

(Ao/Ac)rer = Mpp/Ae ,
The supersonic regime requires a different reference. Maximm mass flov
ratio canputed from the Supersonic Mathematical Model of Appendix II vas

selecteds (Ao/Ac)pep = (Ag/Achuax caFvr . (12)

Although supersonic side spillage was comidered in eceputing the maximms,
boundary layer and inlet internal contraction caused measured maximms to be
seversl percent lower than the computed rofemcc values for the bnepotnt

The difference between the relerence value and the measured maximums for
the basepoint inlet can be seen on figures 45thru 50 of Appsndix III.

1 S e
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vIig
- MEASURED vs. THEORETICAL ADDITIVE DRAG INCREANT
. Equation 8 shows hov the Dapp curve shspe can de cbtained frrm
experimental data. Written in terms of drsg coefficient, the equation
becomes

Covl + 3ide Plate ]

: (DADD)/GoAc*{SONST. )= W/qoAs .[mucn Pressure| = Co, "[°¢c * °Cs]

Drug Integration

Plots of this equation as a fimction of mass flov ratio for configuratiocs
RISPICL thru C6 wvhere G = § =50 are shown on figures 45 thru 50 for the
six test Mach numbers between 0.69 and 1.69. The change in :

[l
vith mass flov ratio is 1dentical with the change in (D,rp)/qohc or
(4 DAmp)/qoAe vith mass flov ratio. Since cdditive drsg is relatively

independent of covl shape, conglomerste plots of data for all six covls
can be made at each Mach nuzder. .

Plots of Danp THEORY (ordDapp THEORY) od,;ulted in edsolute value
t0 correspond vith the measured data at 80/&, RIP are also given on

the figures so that s direct campariscn between 4 Dapp and 4 UApD TEEORY
can be made. Rxcept for Mach 1.69, the figures shov the measured and
theoretical curve shapes and slopes to de very similsr. This mesns thst

&m curves maintain much physical significance even though they are
tained fromdDanp THRORY, BotdDppp- : :

For the subscnic cases vhere 4 Dapp THEORY liss above AD,ub,

LR
N . < 1
4 Dapp THEORY

and KAmD values should be less than 1.0.

Yor the supersonic cases 4 Dip; 2338 above A Djppp THEORY: Therefore

400 .
>1

4 Darp THEORY
&pd Ky values may be greater than 1.0,

n
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In viev of realistic flov situations, ngromnt betveen measured
velues and theoretical values is rczarikably good.

The few cases of Mach 1.69 test data included in this report have
questicnable validity. Tunnel flow problems vere encountered at this Mach
- pumber. ‘Shadowgraph pictures taslien during the testing show that a shock
vave from the tunnel wall struck the model several inches forward of the
covl 1ip during two of the data runs. During the other two Mach 1.69
data runs there wvas a change in flov augularity relative to ths model as
. & function of time. For these reacons, the remaining test ases scheduled
for Mach 1.69 were replaced bty other testing at lower Mach mumbers.

[ P —— et o e
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x
COVL AXD BIDE PLATE PRZISURE DRAG

Covl plus side plats pressure drezs are shown on figures 51 thru S5
of Appendix III for configuraticns RLEPLCY thru C6 at the five t23t Mach
pusdbers betveen 0.69 and 1.39. On the figures, each &rag curve has a
different zero drag reference. This spreads and separates the data for
elarity. The basic drag scale on each figure is applicadble to configuretion
RLEPIC) only.

At doth subsonic and superscoic speeds covl plus side plate preasure
drag 15 decreased as inlet mass flov ratio 1s reduced. Additive dreg is
partislly recovered on covl and side plate lipe. At lover mass flov ratics,
the drag is negative. These surfaces actually produce thrust. Sudbsonicslly
and supersonically (0.8 and 1.29 Mo), the drag drops to sero at mass flov
ratios as little as 5 or 6 psrcent delov (Ao/Ac)rEy.

As expected at subsonic oy‘od- the rate of change of covl plus sile
plate drag vith mass flov ratio is pot maximm at maximm mass flov ratio.
The dreg recovery curves are much like the matbematical reciprocsl of the

ADpp or ADurD THEORY CUrve sbapes shown on figures A5 thru k6. At Mach

1.29 and 1.39 the reciprocal similarity dces not hold Between 4 Darp TEory
and covl plus side plate dreg. JVigures Sk and 55 show the rate of change of
drag vith mass flov ratio 10 be, generully, maximm at maxizus mass flov ratio.
. Pigures A8 and 49 shov the 4 D,pp memopy Slope to be mintm at maximas mass
flov ratio and shov the 4 Dypp slopes to be nearly ccnstant for a wide range
of mass flov.

At Mach 0.84, the curved (circular arc) covl e tions have lov
drag at high mass flov ratios and lov dreg with 0.20 Ag spillage. The
straight covls are definitely second dest. j

At Mach 1.3, the 10° curved covl inlet configuration, RISPICL, stild

ves the Dest performance, but the 6° straight covl inlet configuraticn is
st to0 far bohga. or cou;'u. a8 high supersonic speeds, low covl angles

are dest.

Covl selection should de made on the besis of the over-ell airplane
mission and the relative importance of the eritical design points.

M e BF o L v sA L ke
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| . - ADDITIVE DRAG COITTICIIT, K,

le of the additive dreg cosfficicnt, Kipn, are given in figures 56 -

e AT ot 0 s B il 5 S ey

* thrugh. Coefficients for the following data ars prasmwd in orlscr of the
indicated ncinel Mach mumber listingsl:
' 0 ° Mach Fumber
CORFIG. o B 0.7 0.8 12 1.3 1A 1.6
R1EP1C1 s 5 x x x x x x
RLSP1C2 5 ] x x x x x
R1SP1C3 S 5 x x x b x
R18P1CH s s x z x x x
] RLSP1CS 5 5 x x x x x x
‘ R1SP1C6 s 5 x x x x x '
. R1SP1C1 S 9. = x x
RLSP1CL 5 12 x x x
R18P2C1 5 .5 x x % x x
R1SP3Cl ] 5 x x x x x
R1SP1SP3C1 5 ]
R25SP1CL 7 T x x x
R38P1C1L 12 12 x x x x z
-4 5 x x % x x
R4sPLChL 5 s x x x
RASPUCE 5 5 x x x x x
RUSPUCE s 9 x x
Risplicl 5 12 x x -
RUSPUCE s 1z % x
All curves are faired to the reference mass flovw ratio. Because of the large
and questionsble fairing required for RIEFICl, a = 5°, B8 = 129, X, = 1.09, the
fairing is shown as a dotted extensiocn of the data. ror other cases, axe
tensions wvere shorter and were sirply extrspolations of better dsfined curve
shapes. As discussed and fllustrated earlier (figures &S thru 50), fairing to
(Ao/Ac)pzy geverally means a small extrapolation caly.
It vas pointed out in Section VIII that the rstio ( 4 Dypp)/
(8 Dppp gy ) wowld
1) cause Kxpp n.luu to be less than 1.0 at subsmic and
transonic speed, and
2) eauemvdmorxmtoofmbcm‘wmnl.o
- &t Mach 1.3 and 1.4, .
The xm curves shov these effacts.
’ 1. The configuration RLEPLSP3C1 has two different side plates, an &1 and an
, £P3 side plate.
A7 )
/’_____'_,/
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At Mach 1.09 and to & degree at 0.8%, the K;pp curves for RLEPLCH kave
an unusual relaticnship vith data of other configuraticns, RExsainatica of
the data sudstantiates this trend, JFirst, the covl plus side plate drag
curve shovn an figure 53 for RIEPLCH at M, = 1.09 does sbov a reverse of the
usual curvature. These data are independent of the K pp develorment, yet
they agree. Seccnd, examination of ths covl pressure profiles clcarly stow
e Geparture from the usual trend. On figure 95, centerline covl pressurs ars
plotted for both the C3 (10° straight) and 039?1
tha C3 data to sent the usual pressure profile trend, a clear sudbstan-
tiation for the Ch Kyrp data 1s apparent. The Ch data shov that a very large

decrease in pressure-area integrated dreg occurs betwveen mass flov ratiocs of
0.68 and 0.53. ,

At lov mass flovs bdoth covls have pressure distributions typical of
separaticn near the leading edge of the covl., Cowl C3 shove separaticn even
at high mass flov vatios. Covl Ch, at Aj/A. = 0.68, shovs minor separstican
then n-ca.nchmt of the flov. No separaticn is indicated st Aj/A = 0.73 -
for covl Ch.

The K)pp coefficients for RLSP1C1 thru C6 were conceptually ccoputed as
indicated in Section V. BHowever, because coly the covl wes changed frea
eonfiguraticn to configuration it vas possidble to eliminats &ata scatier
seen in figures 45 thru 50. A ¥ of equation 7 was found by adding the
changs in integrated covl plus side plate drag to the 4 Dy values found
from the faired curves of figures 45 thru 50.

Covl ¢+ 8ide Plate Covl + Bide Plate
Al-dnm# Americal Pressure | = Ruserical Pressure

There vas very little scatter in the integrated covl plus side plate dregs
a8 shown on figures 5) thru 55 snd almost all Kapp errors due to data
scatter (inaccuracy) could dbe eliminated for the six covl camperiscns.

Drag Integration Drag Integratiom

(t

59 straight) cowls. Cansidering

]

RTP-PFE NI N
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EFFECT CF SIDE PLATE GERETRY OF Kppp

8ide plate gemtry effects cn KADD m shown for five ncminal test
Mach numbers between 0.7 and 1.4 in figures 95 thrulCQ Kapp is shown for
eouﬁsunticm RISFICl, R1LEP2C1, RISPIC1, G w B = 5°-,

At Mach 0.7, side plate geametry has very little effect on iplet diag
except for large flov spillages. There, the drag of ths extended side plate
ecocnfiguration is larger.

" The same general trends are shown et Mach 0,85. The cut-back side plates
look best for high spillages, aud the extended side plates ure considerably
vorse.

" Transonically at Mach 1.1, side spillage becanss very importent. EHigh
drag vill result from spillage vith extended side plates. The cuteback side
Plates are cbviously the dest if large spillages are nccessary.

At the supersonic speeds K.pn ccuzparisons do not give spillage dreg
camparisons directly since a di@emt (Ao/Ac)zz 4» uvszd. Over-all
propulaion system performsnce should be eveluated,

19 B
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XI1
RMXP PRISSURE DISTFIBUTIONS

Raxp drag is pertinent to data presented in the folloving secticas of
this report. As shown in Appendix I, the initial fixed rexp wvas instruzented
with four static pressure taps, and the varisdble external rexp was instrue
nented vith tventy-coe static pressure taps. Ramp drag cosfficients used
in data analysis wvere odtained Ly mathexmstical pressure-ares integrstiocns
based upon these tventy=five measured pressures.

Pigures 101 *hiu 108rhovw typical subsonic (My ™ 0.85) and superionic
(Mg & 1.3) ramp centerline pressure distributions for s range of inlet
mads flov ratios. Pressure distriduticos for the folloving comfigureticns are

- given at each Mach number:

0

RSPICL, &8 = -

RISPIC1, & -€°.p, - 120

RISPC1, @ = B ~ 5°

RLSPXL, O = B = 5°
Thess conligurations 1llustrate each major flov situatinn since ramp anzle
and side plate gearatry are the primary geamstric vaPladbles affecting ramp
pressure distribution.

All four subsonis cases show that force is exerted by the ranp in
turning the flov from the freestrsam direction. The RIEPL and §P2 cases shov
pressures at the leading edge to be about 1.1k Po. The extended side plates,

RASP3, create ramp leading edge pressures in the 1.2 Po t0 1.3 Pg range, and
moahov changes were clearly felt over the entire n:p Ieng‘%h.o The BiSPJ.Cl,

A B - 12°, configuration shows the pressure rise on the second raxmp
due tu the additional’ turning. All cases shov the expected remp pressure dee

ecay after flov turning 1s accomplished.

Supersanically RISPICl, & = § = 5%, shove the effect of superscoic side
splllage in the pressure decay co the ramp aft of the leading edge (figure 105).
The change of terminsl shock wave positicn with mess flov ratio can also be
sest. Due to boundary layer build-up on the inlet surfaces acd slight intermal
eontruction, a true maximm zass flov ratio cese with shock-om-covl vas pot
obtained. The messured maximm was 0.76. Extrapolaticus ¢f data to

(Ao/A)REF = T80 were used in the analysis..

Pigure106 shovs the situstion of a detached shock wave caused by the

second external ramp of emrﬁunuen RISPIC1, & = S° e 12°, Pigure V7
shovs the raxp pressure distribution with the’5P2 cut-‘c& side plates. ]

Supersonically, configuration RISPX1l, QG « S = with the extendel
slde platas prodnco& an \nig:p.ctod renp pr‘umﬂdu bution at maximm

mass flov ratio. No rexp pressure decay 1s expacted .orwverd of the point
vhers ap expansion fan originating at the intersection of initial oblique
shock vave and upper limit of the side plate would strike the ramp. KNo

Tamp pressure decay is sesn in this region, bdut the pressure decay aft of

Gt t—— §
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this point is extremely rapid. The dP/&x in this region is spproximately
tvice as great as the maximum dP/dx for the SP1 trianzular side plates and
approximately equal to the maximum dP/dx of the §P2 cut-back side plates.
Further, the minimm pressure after decay is cnly 1.03 Py, even lower than
the minimum pressure recorded with tha cuteback side plates. As can be seen,
the terminal shock wave did reach the cowl 1ip. This 41d nct happen with the
other configurations. A

: The terminal shock travel distance per unit change in mass fiov ratio
vas largest for the S8P3 side plates and smallest for the £F2 side plates as
would be expected. The larger the pocaible subsonic side spillage, the emaller
the necegzsary terminal shock travel for that spillege. Frc: this data it is
apparent that a rigorous mathematical model of the izlct flow situation must
relate shock travel to side plate geometry.

At My = 1.3, the R1SP2C) coenfiguration captured tha greatest mass flovw,
and RLSP3C1l captured the lesst. In general, as seen from the terminal shock
wave position, maximum mass flow ratio was detemined by inlet choking. The
apparent trend is: the more extensive the side plates, tha more ths boundary
layer build-up and the smaller ths maxizum mass flov ratio.
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X111
SYNTRESIZIIG TOTAL INIXT DRAG .

70 select the proper inlet configuration tor an d.rphm,
evaluatiom of

(’m)cog =Ty - KADD( 4 Dap m) Bq. (13)

is not enough., The total drag caargesdle to the inlet must be evaluated and
coupared. This 4s

Dromar ® Kapn{ 4 Durp mreory ) * (Oarn)rer
. [ Covl + Bide Plate

Pressure Drag ar 2a. (14)

It is propogsed that the user cdbtain frem & synthesis of uuured
data and theoretical calculaticns. The quanti (4 Dupp mpong ) ©
Lé esiimated from information slready presented, %2 Quanti

('covl + 51de mu)
Pressure Dreg

can de u;.mted from figures 51 thru 55 for the user's calculated vaulue
Ac)Rer.

It is proposed that the final quantity for equation 1k, (D
be evaluated by usinog the methods of ths mathamatical flow uodch
II -« vith cne exception. The excepticn is that raxp drag at the roremco
mass flov retio, (Dp)ppy, be evaluated on an eapirical rether than s

theoretical basis. Section XIV presents the empirical dasis for (Dp)ppy.
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X
RAMP DRAG AT (Ag/Ac)rey

Reference 11 prenents & campilation of theory and experimental data
on trangopic Jlow over two-dimensicnal wedges fyom the work ¢f J, D. Cole,
H. 8. Tﬂieﬂ, Je m' We G. Vincenti and G. G\mdem. The cmpilaticn,
4llustrated in figure 9 , is presented in the form of "reduced dreg :
coefficient” and "reduced Mach number”, both of vhich are functions of -
wedge thickness to chord ratio (t/c). In the "reduced” fomm, data from many
vedges can be coalesced or normalized into the single curve of figure 9 .

A groat deal of original test data frco reference 11 supports the validity
of this single wedge drag curve.

Reduced
) Drag Coeff.

Reduced Mach Kunber
Pigure 9 . Wedge Drag

A similar normalization of reference ramp drag, (DR)gpw, has been
attempted. It 1s understood that camplete data coalescence can not be expected
because of inlet side spillage effects, particularly above = 1.0. Ranmp

. drags for both single ramp (O « 8 ) and doudble ramp ( @ §B) inlets are
included by defining thickness and chord as showz in figure 10. f

S . \‘.4:'::‘2
' ‘ .S '
; \

t_/"m"?t : -75—-L %
fl-'——c’.»..__.1 T ’4.1-.'...__...1

Figure 10 Inlet Ramp Thickness and Chord
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Yor the tested configuraticns, 1if messured xeximm mags flov ratlo
exceeded (Ao/Ac)R7, (DR)Rrr was obtained by the straightféswerd . process
lustrated 4in figure 11. Howwver, inlet choking eaused by internal ccue
trectico and boundary layer build-up norzally limited the maxirmm (Ao/Ac) D>
(Ao/Ac)rzr situaticn to the Mach 0.7 test data. Thus, at higher Mach puzders,
extrapolaticns of the rasp drag data were regquired, also, es fllustratsd in
figure 12.

(AJ;\c)m . . (Ao/Ag)rey

d

o= (D) ey

Dnc—vnampbru
Dpe-vRanp Drag ‘
-

Ac/Ac &2 Inlet Mass Flov Ratio

Figure 11. Razp Drag vhere Figare 12. Raxp Drag vhere
Max. Ao/Ac > (Ao/Ac)rey Kax Ag/Aq < (Ag/Ao)per

Beveral restrictions were placed upon the allowable extent of extrapo-
lation to insure against extrapolating to drsg levels belov the phkysically
obtainable minfznm. Two restrictions were imposed:

Restriction 1) Yor the subsonic and superscnic detached sbhock
wvave cases, DR vas not extrapolated beyond the value at vhich
corresponding ramp pressure extrapolatimms showed scnic flov
on the ramp at the cowl lip stationm.

Restriction 2) For attached shock superscnic cases, Dy vas not
extrapolated below the value corresponding to the terminal
shock vave at the covl 1ip as determined by raxp pressure
profile analysis.
Both restricticns are given more detailed treatmsnt delov. Restriction 2)
requires the least discussion and 1is covered first.

Restriction 2) wvas spplied to cnly two cases used in the (Dp)pry suwmmary,
RISP3CL at Mo » 1.3 and at Mg = 1.5, Pigurel08 fllustrates the ramp pressure
profile for the Mach 1.3 case. The terminal shock vave was obviously at the
co¥l 11ip at the maximun measured mass flov ratio. The Superscnic Mathematical
Model of Appendix II accounted for no side spillage snd gave an (Ao/Ac)rzy
larger than the measured maximm. JFor these tvo cases the integrated ruzp
pressure drag st the maximm measured mess f1ov ratio vas used for (Dr)ryy.
Yor the remaining attached shock cases, (Dy)zgy Yes taken ss the extrapalated

value of Dy at (*o/*o)mf

ah ;
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Restriction 1) s based upon & hypothesis of tae effect
the presence or.absence of boumdary lsyer.
the validity of ramp drag extrapolaticn to

Certainly there 1s \
account for internmal ccatractice in

:

cn ramp drag of
no guestion of

the inlet, but what of extrapolaticn beycnd ths point where local Mach punber
would beccame scnic on the rezp at the cowl lip station as {1lustroted in

e
.

figure 131 v
} A \ (Ao/Ac)Rer
! Py fe— No Int. Comt. —ed ;
§ ! ' | ;
. H '
‘ ‘o/ Ay Ao/ Addganie ;

’ A . Pigure 13. Sonic Flov st Inlet Lip

X
; The figure shows & typical variation of measured pregsure at the 1lip
station vs. (Ao/Ac) found during testing at Mo S 0.85 and supersonicelly for

detached shock wvave cases. Before the extrapolation reaches (Ao/Ac) rEps
pressures vhich would cause locel sonic flow cn the ramp are encountered.
Elimination of bowndary layer would not allov extrapolation to (Ao/Ac)REPS
but 1t would sllow the (P/Po) vas. (Ao/Ac) curve to shiit to the right wntil ;
4t intersects the (Ao/Ac)REF line properly at or sbove the sonic pressure ;

i

H . )

';§ ' ratio.

; .

It 4s hypothesized that the ramp pressure distribution, hence minimm ‘
H

roxp dreg, vill be essentially the same vhen sonic flov is encountered at
the 1ip station regardless of the presence or abgence of small amounts of

boundary layer.

Using this hypothesis, then, for all subscnic and superscnic detached
shock cnes§ (DR)REr ves taken as the higher of the two following values:

' s TR bullivimabapipmgl-e cwll-

1) the remp drag at (Ao/A;)Rers
2) the ramp drag at which local sonic filow would occur on

the ramp at the cowl 1ip station.

A sumary of (DR)ggy Yalues obtained is given on figurel09along with the
two-dimensional vedge drag cure of referencell . As noted on the figure,
planform remp area is used as the remp reference area rather than projected
frontal area in order to allow direct comparison to the wedge drag curve of
referencell . In all oiber portions of this report, Ap refers to ramp

projected frontal area.
' /
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In figure10q the sudbsanic (Dj)prp Poinots are the symbols in tte negative
region of reduced Mach nuxmber. Rezaniless of side plate or rexp gecmetry or
test Mach number, these data coalcaced excellently. These subscnis referencs
drags, particularly those at Mach 0.7, lie above the wedge drag curve as
should be expected. Wedge flow corresponds to higher valuss of (Ao/Ac)Rz
than have been sssigned to the inlets. .

It can be seen that (Dg)zrp 18 not zero subscoically as is predicted by
the mathematical models of Appendix II. For this reascn an ecpirical rather
than a theoretical value of ramp drag has been suggested for calculating
Dromy, ©f equaticn . :

The solid symbols on figure 109 represent inlet operation at supersonic
speods with & shock wave detached fram the initial iplet ramp. All data
except the Mach 1.3 and 1.4 cases of R3SP1C1 shov reascnadle coslesence,
especially since data separation due to side spillsge is to be expected
superscnizally. It is apparent that side spillage causes the reference
ranp 4drag values to fall well belov the two-~dimensional wedge drags.

- The five flagged symbols represent two-ramp inlet operatics ( @ ¢f8)
vhere an oblique shock wave is attached at the initial ramp end a dstached
shock wave gtand3 just forwvard of the seccnd rasp. The mathematical codels
of Appendix II were not designed to ccmpute a reference mass flov ratio for
‘these cases. Therefore, these five points are shovn for the maximm messured
mass flov ratio. Because tunnel flov was 8lightly misaligred at Mach 1.3 and
1.5 and becauze oo a camparsble (A,/A;)rpy basis these dregs should be scra=
vhat lover, it is suggested that (DR)W values for simflar inlet operation
}n stlected at the lover limit of the 'rrimary rangs of data” showvn on the

1‘““0

The open symbols {unflagged) at the right of figure 109denote (Dr)rrr
values for the supersonic flov case vhere an oblique shock wave is attached
at the initial inlet vedge and @ = § . Except for the RISP3Cl cases, ramp
drags vere extrapolated to (Ao/Ac)gry to f£ind (Dp)ppy . Avalysis of the
ramp pressure profiles for these cases showed that the computed (M/Ac)m_
values vere t0o small to correspond to shock-on-covl operaticn.

It is proposed that reference ramp érags, (DR)gey » be selected fiaa the
"primary range of data" of figure 103 .

As a first attempt, ramp 41(3 normalization has been very successful
subscnically and reasonably successful supersonically. A mesns of usification
of reamp drag data for performance prediction seems to be almost & necessity .
considering the ..caetric variaticos from inlet to inlet. The reduced drag
ys. reduced Mach number presentation of figurelO5 eppears to offer a
Teascnabdle approech. More sophisticated mathematical flov models for
(Ao/A.)pgy Dredicticns, especially at the higher superscnic speeds,are e
desirable refinement of this approech. -




NORYN AMERICAR AVIATION, INC. / LOS ANGEILES DiviSION

. _ - SPTLLAGE DRAG COMPARISCN - RLSP1CL THERU RLSP1CS
. The chargeadble inlet spillage drgg s i given in coerticient
fora for configurations RLSPIC)L thru CO at Mack 0.8% end 1.29 in figures 110

and 111 of Appendix III. Dygpar in equation 2k vas defined as
Drorar ® Kapp 4 Dapp qsmmory ) + (Darp Jpew

+[ covd + 81de Plate ) oD . [ / (PP )aA
ADD
(Preuure Drag REF ° Cowl ¢+ Side Plate

and its evaluation was explained. Evaluation of from actual experie
mental data, as in this case, is more direct. Consideration of ‘equations
‘and 14 shovs that )

DroraL * [Dann . (Dann)gﬁ‘] [ﬂP'Po)“] Cowvl + * (Dppp)rer Eq. (15) |
' 8ide plube

The ﬁrst term was obtained directly froam fisures 45 thru 50, the second
term fram figures 51 thru 55. The tem (Dppplppy Wes evaluated as discussed
in Sections XIII and XIV. :

" A8 can be seen from the figures, the circulai ayg cowls are best
subgonically. The three straight covwls are definitely second best. Super-
soncially at Mach 1.29, the Cl 10° circular are covl and the 69 straight cowl,
C2, were best and quite comparable. At high supersonic speeds lov angle couls
are, of course, best.

The thick cowl, C5, had lov drag both subscnically and superscnically
at Mach 1.3 for very large spillages. However, at high supersonic Mach
numbers the drag of C6 is expected to be large.
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w1
SPILLAGE DRAG CF VARYIS RANP R COWL

Measured external model drog coeflisients ys. mass flov ratio are given
for configursticns

RISPICL; = 5°, B = 5°
 RISPICL; a= 59, B = 9P
m.mclza-s°.ﬁ - 120

mu; ae ﬁ L
Mapioib,am B :3

for Mach 0.85, 1.1 and 1.3 in ﬁgumlllzthruuhotmnndn III. The upper
parts of these figures {llustrate the efl:ct of incressing the variable raxp
angle. The lowver curves shov the effcct of ching the covl.

09

[]

~ On the adscissa axis of the figures, the captured airflov, Ay, is
Jetioed to the capture wrea of the RISPICL eanfijwssticn. This wvas dcue
bDecause of the changing inlet eoytura arca involved in varying ths covl.
Using & fixed A, in the A ratio allovs direct comparison of spillage
wwmmmrmnai-mbyvmmm

The ordinate a:is nhavmuurodmﬁ’eldmuuﬁndbyoqmum

Thus, the ordinate axis drags are

Bap ¢ [ frro] oy o (o) < X
8iie Plate

and contain a constant drag value pertaining only to the modsl, not to an
siroraft propulsicn systea.

¢

The chargeable inlet dreg at (AolAc)m for RISPIC1, G =sf = §°a

o (ST 1 e

as defined in equation 4 is indicated cn each figure. Then, the chargeable

drag for any configurations deccmes
Drorar = Danp ¢ [ f (P-Po)“]

Cow ¢ -
8ide Plate 2q. (156)

- X -[lm -(n)m] o
as f = 5°

efl
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For example on figurell2 Dpomyy of RLSPICIO at Mach 0.85 beccmes

Drorar X
@ A ..‘lo‘c = (2060 - .c25%)

N
" oA - (+1806)

vhere A,, again, is the capture arca of RIEP1C1.

As can be seen from the data of tigures 112 thiullb both increasing the
ramp angle and varying the covl reduce spillage drag. PFor the perticular
model gecmetries tested and for anticipated spilleges, rocp veriation shoved
lover spillage drags than cowl veriations. A ninimm drog configzuration could
be obtained by using the comdinaticn of remp and covl variaticn., Most SUDCre
sonic aireraft must bave a variable razp. A variable covl would be en edditicam.
The varisdble cowl weight penelty must be traded sgainst lowver spillaze drag
before a variabls cowl can be justified.
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xViI
SPILLAGE DRAG, SHARP ys. ELUNT COWL LIPS

Several blunted 1ip covls wvere teated for possible applicatica in
hyperscnic inlets. Pigurs ll5shovs a ccoperison of the external drags of
configuraticns FLSP1C1l, C7 and C8 at Mach 0.65 and 1.29. Thte abscissa and
ordinate axss of the figure and the "zero drag referesce” of a similar
presentation wvere explained in detail in the preceeding section. Again,
drag is shown ratioed to ths capture ares, Ac, of configuration RLSF1CI.

Covl Cl had e sharp 1ip. Covls CT and C8 had 1i{p rsdii of 0.04" and
0.1%, sespectively. At 0.85 Mach the drags of RISPICl and CT are very
camparsble. The small drag difference at the high mass flov end of the
plot may, in part, be due to data scatter. The largsr 14p radius
R1SP1C8 a1d cause a drag penalty.

At Mach 1.29, configursticn drag vas very definitely a fimetico of 1lip
dluntners. The smaller the 1ip redius, the smaller the drag.

N
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CORCLUSIONS AND RECQICRDATIONS

1

- 1. VWhen transonic inlet performance is considered in inlet selection, the

total chargeadble diaz of the varicus inlet configuraticns should be evaluated.
Though a given 1n1et may achieve & high degree of additive drag cancellatica,
the total drag of that inlet may eliminate it from consideraticn.

2. Lover spillage drags were cbtained by using rotatica of the varisble

external razmp of the inlet to defleat excess alrflov then by using inwérd
rotation of a variable cowl to spill air. GSince s varindble second extarnal
raup 1s normally required on supersonic rectangular inlets, there is no
additiocnal weight penalty involved in using the variable ra=p to obtain
lover transcnic spillege drags.

3. The comdination of varieble covl and variable ramp should achieve lower
spillage drag thar the ramp alone, Eowever, the transcnie spilllage drag
decrease must be traded-off against variable cowl weight renslties.

. Blunting the leading edge nf the 10° circular arc covl had little effect
upon edditive drag cancellation, and edge dlunting 414 increase total
chargeable inlet drsg. If lip blunting 1s required for takoeoff performance
increases, for enti-icing or for heat-transfer or structurzl reasscna, the
blunting penalties at transcnic speeds can be estizmated from dnu included

in this reporto

S. Circular arc cowls with 10° and 15° initiad uw).o showved lower dreg

than the 6%, 10° and 15° straizht cowls st Mach 0.85, both at the reference
mass flov ratio apd 0.20 A, lower. Supersonically at Mach 1.3, the 10°

circular arc covl vas still best, but the 6° straight covl vas a very close
second. Of course, at high supersonic speeds lov covl angles are desirable.

6. Hathematical models for the camputation of theoretical additive drag
have been devised. The moiels were delidberately simplified to make hand
ecslculaticns practical. Because of the large number of such calculations
involved in test data anelysis a cozputer progrem was written and is
included. In addition, additive drag correctiocn fectors, K;nn, vere -
deternined for a number of inlet configurations from experimzntal data:. By
using Kxnp and 4 Dyppy qgpogy  vhich 1s obtainable from the mathematicdl
models, the drag for airflov spillage belov the reference msss flov ratic
can be determined.

T« Raxp pressure drags at the reforence mass flov ratio for transcnic speeds
have been normpalized and compared vith wedge drag theory developed in
rofercnce 11. These data privide useful expirical information. Cowl plus
8ide plate drags for a numbe: of configurations have also been determined.

The empiricel ramp Arag and c:vwl plus side plate dreg (at the reference

msss flov ratic) can de uud to compute total inlet drag at the reference

‘mass flov ratio.

e i o b ——
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8. Total chargesdle inlet G:rag at any mass f;ov can de found by sumning
XapD ( 4 DApD THXORY ) frem ftem (S) a:d total dreg at the reference mass ;
flov ratio as dfscussed in item (7). It s recomended that care be taken .

in selecting Kipp and the covl plus side plate drag.
to be very important in spillagze dreg.

o e L by et at s

Covl shape was found
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APPFIOIX I
WO TUSNEL VODTL DESCRIPTICR

l. General. The model deseription within this apperndix includes all
inforuation needcd for ccaprchonsion of the roported data. A detailed
description of the model, model constructicn drawings end a description of
the on-test-site date recducticn equations are available in references 12 or
13 » : . ,

2. Over-all Arronecment., Pigure 14 illustrates the force model assembly,

. In geperal, caly ccapoacats of aserodypamic intorest are shown. Bnucam,

the inlet i3 categorized as
a) supersenic,
b) rectangular,
¢) extamal rexp type.

- Interchengecable cowls, cide plates and fixed initial rorps were constructed

for the model and tirted. Varisble rusmps were attached to the aft end of
the fixed initial « Tha raxp troin consisted of the fixcd initial
razp {interchansasble), a cecond external razp, san internal tarcat panel
axd an aft pancl. The three voriable panels were remotely actuatadble from
the wind tunnel cuntrol rocm, allowing the second external ruxp to be
adjustad thru an angular range of 59 to 120 with respect to tha free strean
vector.

Tae raxp train was conncetod together by rotating "plano” hinges. For
each intorchangeable ramp irvctallation, the forward hinge axis of the
variable external ramp wes fixed, Power linksge of tle parallelogrzn type
was attached to the throat panel only. Thus, all thioat panel locations
could be dcseribed by a scries of translations of ¥e peral slcong end
perpendicular to the fixsd longitudinal axis of the wodel. A sliding
hinge at the af't end of the laat panel in the raxp timain alloved the end
of that panel to slide back acd forth along the subsonic diffuser wall.

To sizplify dreg mozsurczents neither the raxp train por any other.
surface of the model had boundery layer removal provisiacs. Since boundary
leyer wvas not bled off; care was token to eliminate the pessibility of
flov geparations in the forwvard portion of the inlet caused by jets of
bigk pressure air fed into the duct £~m benesth the rsxp train. "Teflon"
strips vere insertel into the edges of a6 cxcernal raxp and tha throet
ponel. This crcated ¢+ tight, though sliding, seal between ramps and duct
walls. The "plano” hinges at the Juncture of the external raxzps and at
both ends of the throat panel were entirely encased in hardened liquid
rubber. The rubber, though filling all joints of the hinges, was
sufficiently elestic to allow the pecessary minor rotaticns of the ramps.

At the Juncture of the "live" and "desd” porticns of the force model
& lavyrinth scal wus installed which virtually elixinsted flow leakage,

33
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Taough s=all, the leakage flov wu3d cclcul.ted Prom measured pressures across
.the scal using seal calidratiom cw~-i3. all data were corrected for geal
loskago. "Live” section exit conditicms (toizl and static pressures) were
meagurod by total bead rakes, static rakes axd wall stotic taps. Flov
straigtoning screocns wo.e installed forvard of the "live” cection exit to
doprove the exit velocity profile.

The "live” und "dcad” portions of the model were attached thru & 2 1/2
inch dianmecter Tack Mark IXI-k0037 six cczponent force balance (280 1b. rated
chord force) supplied by MASA Ames. All prosoure taps located on the "live®
section of the model wers read out thru NASA /-eu supplied "Scarnivalves”

" located on the "live" section. This eliminated th: need for Jurpering
flexible prassure tubes betweon "live" and "dead” :odel porticns, which
could have caused force measurenant errors.

A large aorodynanic shield wvas fixad to t'c forvard end of the “"dead"
section of the model. The ehield projectod fr.~sard over a consideradble
portion of the "live" cecticn. Not only 414 the caield surround the
balance and "Scannivalves”, but 1t surrounded all porticas of the "live"
section of the mouel vhore wnwented chenges in pressure drag (as a fuzcticn
of inlct mass flo- rotlo) might occur frem flov spillage over the covl and
around the sido plates.

The iuitlal porticn of the "dead” section consisted of a diffusing
pipe anxd a long section of flow stroightening pipe ahead of the flow
metering nozzle. Four differcat notering nozzles had been congtructed
to assure proper meter size for various test conditicns. Most "dead”
sectlion procoures were read out thru "Scamnivalves” locatad oo the "dead”
" sectior, The metering norzle pressure instrumentation, bowvever, was
- routed outside ths tunnel and read cn high scourscy equirment to assure
valid mass flov data.

A resotely sctuatable throttling plug located at the end of \be
wodel was uced for inlet mass flow control.

The entire model assenbly was céntilnemd from ¢tha vertical tummel
strut, and the model longitudinal axis was fixed at O° angle of attack,
0° angle of yav for the entire vind tunnel test.

3. Interchanccedble Camonents. Several differcat initiil ramps, sets of
81de platos and inlet covls were constructod. The model wves such that
mapy raup, side plate and covl cambinations could be assexbled and tested,
Pigure 15 fllustrates the assombly RISPICl, caudining initial rexp R1,
8ideo plute set SP1 and cowl Cl.

1o all, four initial ramps, four sets of side plates and ten covls
wvere comstructed. Ramps Rl thru R4 are described in figure 16, side rlates
§P1 thru SP4 in figure 17, and cowls Cl tkru C10 4n figures 18 thru 20.
The folloving camdinations wers tested:
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RLEPACL
RLEP1C2 CRMRIEE N T gas
RLSP1C3 CRLTICG U0 Rampans
RLSP1Ch RIS S et
RLEPLCS URiSRRCLT . - oagehoy
RLSP1C6 gt PO Bt

Tho RISP1 razp-sido plete -~mmm! ’.: ey ma«mea " x?uxz-mﬂr:m "Jmﬁ,
3.0 inlet. RI1SP1C1 thru C6, t;w, werirnize oo alionpe varletiin . e
RISPICT and C8 asocmblies were Wlixwird aeuding iy (bprmmﬂ } eeniipie
rations. The RLSPICY ard C1O swadigrsisiona, mﬂm:f vith t.qzn “swm _
R1SP1CL, simulated hinged covl umrﬂum. o _ PP

Combinations RISPLCYL, FLSPHEY, Veiral msd Km’?u :»m neve sw,q"m,m
(olde spillego) arca differcasss, FoiSish rawm fhgbe chetgss mow tm@;m
o4t by the RLSPICl, R2SPICL et ra;‘:;m:z. uﬁv{«ma&m. .

The R4SPLCY, Ch end O serirs 4x & &xm 2’-.2 W..t.m -eaw, :s:..a.a';.
threo cowl ghape varistioma., - . R _

4. Prescure Instruzentotion, ’me tﬁ. w':."!.. % hm; sach ﬁmtnmzw:!
vith four static prossuwre teps ('.mmw« zt Jo TRmideesy SRR TROSBLITH
vere rocorded on the extersal rurlible ywap {fk.mm 2. cnwl.s W S
Cl0 were each instrzunted wity 2w ,wma\.m te08 {3ipmre 2,‘. 6&1,}' Silan
plates SP1 axd SP3 were m*'-wmwﬁ {,s@, Wt am, s S

B R Nl i e L i b L L R

Rexip, side plate srd cowl ;mrmm }m‘a ‘ana' *mmzwmﬁ ‘part ’& mrpwﬁm
data. Although many other modil [ousPGME WIS TOTOY utmmmmw
reduction, they are not Lllustrated ioe .'i,u hadke é«&'wma 2 or A3 zive Co
canpletq instruzentaticn dotu.i.oy ) . L L '

LY

:
S

BEY
;
3

S
B
A

e

RPN g - WL

IR
=
R Y
N
P bW T,

- s"‘;)‘ R

P S

Ay

) e e

Sy




3, Aokt oy e s

1o Q)

S
s ot
H

Sl SR E ey —

i BTTINS BT WS AT, T

A
..“—--w hetrens. in-u--sa‘uu-d

on-—-qu(h

&

o

et riel -
B s s s s o m-mm.»m.\vn,-‘qmm\;.

urwmhmw n\) )
5lrpdat .
. 'fmuim.u I ﬁ..—---vw N n- ;-»-— s.;-'-vd-—«umpvvml‘-s -

-Y,EW s # e.lﬁ::":-‘ B 23‘ :\‘-"“* nﬁx‘:'::h:‘: “Y’
""“‘M'&! /"'*;‘
m,:m &"’ s ka‘usl zm
M "‘C' oi"iw. mﬂmm’ !
e . .




Sk e

R P L

S WP LN

[P

PR N

L]
«
L d
s
*

BT U TENY 5 SR TN IO

o G

.

ST

.

R L

nasande

sy,"—‘,"‘r‘ )’?‘:-"1;.‘)“ Y ey

~e o Pmrtahl
Franpa

‘.,A., R e i I
LS SN, Al

B R v no

[ K3 »

oy u ‘ B
[PPSR T PAJ TEREE JIPIN~ PR

e r o e B w M ) AP BRI R A

,Lﬁmmwg;m.,.ew Fwom m&.‘,.\

"'fwt

s
ke ,‘{‘..,mu,’.d.:_z, N -J 4..;’2 s

W

v
i
3

1"“14.»* -v
Foew i,

. y‘ i ag ot
.4:’4’7“ "

"”l:f’"’ ' ' R ;

o3
e e en———
* A M . rd K
; . 4 . e
" P .o L. a
o .
. L 5
® I3
~ 4 ’ v

-
Pt

i
.
.
»
(e
*
[ S W W S N N S S

i
}
2
)
[
!
3
h
!

L 4

s )““’"T‘ .5.;;;.»7.47‘,” .‘,1« pes Wﬁﬁ

s i L T T T TT T 2277

ko .




LN

%

\ercdymnznic
thield

e ety ———————g—

e

\;\

"Live” Exit
N ’  Btatica

Labyrinth Seal

-~
L
R

{
!
-~ -

N X
DY gy W DS

'27//?7277/772/77 I IIIII TN /////r/ 777 /‘M’ it

Z{/////////

7.

-

NP EPRTReS PRV SR




4
)
2

e T

"Live" Exit
Btation

Interchangeeble
Metering Kozzles

33T

eow

. 3
PR SR SR
"’".'""'"\ -
' ‘.\‘-~-—b-‘~--,‘1
! )
| %) }
| I
i
" | )
l o i
| !
! ‘ i
| "__—_.....1}.—-._......__,
£ Y N}

lest Avalle

LR RTINS SMETY

PRSI

-




PP RN AP WISV SRS R SR i e

)]

B2 Tm e s Mew A fae e e g Y s mar ww v e a0
N

———— . —_— ” ~ f 3
- e B _.Q .
. . Y
. R + 4 .
. N - f ., - .
. * .
: -y . P v
. - , - ; [
. i PR
. : .
.Y .
- £ . -
$ . : N B
‘ ' .. «’ s N
: - - { . ‘(‘. N ’ ', ,
. Ls - . et
~ e e
- A . . ) X
. i i - “ | Ty i i
. R o G - . X ™ [
: ‘s - - r. P Z‘S\
- . : . ‘ R ’ _'. ‘gﬁ,;
|- - : Ce .o B ¥
1 3 .- ‘. ; ) /-1;(
- ‘ - T RO - B - ) ‘.’”_"
- l Y e R , - , .
“ hat o ‘. 4
- - -~ ¢ - s T i - ’ i Pl " - :
: : 3 : S - o RS ¢
- ~ % o - . . vl < &
- ‘ ; . L . e SH‘.“ § ~ - . ’
- - . . P . -
) 3 R YN : Sy
. : . ST A B
£ 4 - o . i z
‘ q
B -y N B
N 7 A - j
[ . ol PR
3.
r
i
&
t,

)

s .
'
- S .
MlWW’w—

e
dhal’
\\,.

o -
- “

- e v e el w ae VN urr ke o DAY ACT A L S Y a7 wa. @ e e

-
O S Ll LA N

. R

e ot o PP o Wy LS e SN i O, . gt M e T At § bt s SV 847, Tt , { .. Y
W € -
PR O S O Ty --,‘-—:--.M'»\..qu\ £ o e 0ty ee St o5 e L ‘Twm,——--«-« TIT ctgmtorrognr s tvtrinne o }_. - A . Y ‘m,..,.:z -
‘ PR 3 b

\

t/’ o

;
. — - v rd ot i 1 o e e et £ s o

— 2P e et e e e = v b

- . .

B -

- R o I
b e et WV wtteal & T AN WA/ M AN S NP X

-\-‘Ag-zv"»-* ———r -
5
+
- WIS
o O -,

e A Ay S — L~ e 1 S o o ~ ¥ BN 11 U A £ - Aty b PP U T T R W 50 PO N e . ¥ AP o st ol LW N
- . . P : o ot
. T .- . L T
' o g - -, Y e _,.;:z»
, O e
' . T
[ -
. - - -
X o )

. Ve . . 8 Ll
, P . PR S

[

v

" ey, SAR D — 7 N I AT A PR -'-P
i

1 ~
P I e A i L ol

,
i

v

"”»

PTG S LY PR TR B R S

. N L T T TIE T o R edod i shu b oty * |




* MORTM AMERICAN AVIAT:C®, INC. / 108 ANGELES Divigicn

o g e

e S

B e R PR SV SV SRR NS AR U N 3 s o P P B I

& d
Py

¥

L .‘Nw ”( f.ﬂ’\w“v Mvmmb"ﬁ""*“

T

RN

= _
m_ e .

o uﬁu u M‘.,.Hn. - u.MxNNhh%.NJ d.mﬂw..

141

[T TN

2
R

. ,,'G"‘f"“'*‘ ¢
e ¢ s e

.
-

R

ALY .

\_

© s

(sduog 3]

Sy o P ..é....x.m

PRI

- ‘ P h.7

M..\UM xm.w%-txi\ f..r. N

(

... .‘/l\.‘“ ,...,. \\ln
- - Ll ta

\(»..r T T4

Uud!M u»ﬂ.ﬂhﬁu.ﬁ Bz

I‘Jilf\’ﬁ -~ ll l..il).»mﬂﬁ\r ﬂﬂ’ M« -“NQ\;MTNWNN

.rsf‘

4

w e

g»# ROt

lv«..




WOATH AMIRICAN AVIATICN, 1NC. / 108 ANGILES DIVISION

Reump A B =

Rl k.959 0.434 5°

R2 4.930 0.605 T°

R3 h.653 1.032 120
A

B = - N ;- -
X
o
Ramp A B
Rb 2.273 | 0.197 5
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APPERDIX II
TIORETICAL ADDITIVE DRAG CCPUTATICH

1. (Ocneral. Contrect AP 33(615)-2LS€ required that, prior to testing,
gathsmotical molels of theorctical edditive drag be hypothesized cod that
thoze dregs be conputed for the contraectually required tost configuraticces.

- A Portran IV machine prozram was written for this purpose. This appendix
docuzants the matacmatical models apd the machine program. In the following
pages, the mathcmatical spillege wodels are discussed first, followed by
progran docunentation, ‘

2. Mathomatical Model « Subsonic, A free body diegrem of the subsonic
edditive dreg situation 4is given 42 ilgure 25. Assuming all) flov to enter
ths inlet in tha O direction, the theoretical additive drag is

(Oapp)ezory = Aurpeosd [7 “x.%’*’m *+ (Prrp= ”o)]
+Dg =74, “s Po

5. (A7)

Toeu, to dctermine the theoretical additive drag the following asssumpticos
are male? .
 Assumption 1) Subsonic flow behaves one-dimensionally
(ipcluding the assumption that all o2 the flow entering

the inlet $s in the & directicn);
Asswmption 2) Perfect gas ( ¥ = 1.4);

]
-7 \
\

Figure 25. Subsonic Theoretical Additive
Drag Momentun Balapce

b9
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Asswptior 3) No subscalce spillaza orcurs over the side
plates;

Assuptica 4) All flow processes are isauircpic (except
thru shock waves);

Assumption §) Pp= (P + Prrp)/2

Thes first four ascwmptions are generel and epply to all nibmtiul sodels.
The fifth asswwption spplies only to the subsonic case. Assapiicn §5)
snables the calculaticn o{ raxp drag, ' ,

Dp = Ag(Fgp- Po)

3. VMothomatical Model - Tronsonic (Deteck:1 Inftéal £hock). Tae transoulc
ratharatical wodal of thsoretical edditive arag is subsiantially the sane as
the subscanic model. Acsumptions 1) tbru &) apoiy. Assimpticn 5) does not.
Instead, the sverage raxp pressure is 4efined vy

Assuxzpticn 6) P = (P ¢ rm)/a

The avers; e raup prossure is the arithxmatic avurzze of prossure behind a
detactsd pormal shock (Prg) and pressure at the 1ip (Pryp). Agein,
(Dapp) TzooRy ¢an e found from equaticr (15).

. ¥athematical Model - Suserccalc (Attachad Taltial fhock). The supersonlc
rathczatical mcdol end tae computer progrud handle 8 one external shock wvave
(cne ro=p) case only. Model ard program can be extended to miltiple rexp
siteaticaz, tut cantractual computaticns for which the progrmm wvas specifically
designcid ware restrictcd $0 one “agp ecoes,

A prizs roquirement of the mode’s was a sinplic?’y vhich allovs
reascrably rapid hand ecxputaticus of ‘Looretical additive drmag. Yet, the
rathmatical model should produce drag curve shapes similar to measured values
12 Xapp 1s to bave physical significance. Though this wvas faelt d1fficuls to
tcbieve for the supersonic case, 1t wvas successful as is illustreated by figures

In the supersocic model, three spllages vere ccunidered: suporsonic
spillage over the covl, mubsonic spillapge over the covl, axd supersonic
spillage around the inlet side plates. All three spillages are defined
belov, ,

o;; an actual inlet, che terminal shock wave travels fore and aft as a
funoction of sutcriticel spillage. However, for the mathematical model,
Assuzpticn 7) fixes tbe terminal shock positicn as 1llustrated in figure 26.

Assuzotion 7) The terainsl shock vave 1s defined as a

normal shock vhich has a fixsd location en infini-
tesimal distance forvaid of the covl.

50
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1 ’/ —

—
Aosup ?'?; -
- G s W G e WE SV an o dl
i -
-f ‘ , Parallel to Ramp \e—Terminal Shock
p—=—0blique Shock
Aczpaax /

L

Pigure 26. Bupersonic Spillage

This sssunption leads directly to Assuwptions 8) and 9):
Assuzption 8) The drag of the air spilled superscoicelly over
the covl is a fixed value at all mags flov retios

DApD-SUP ® AosupiPrr = Po)
vhare Ppp 15 the pressure behind a two-dinensionel oblique shock
wvave.

Assuxption 9) ALl air spilled subconically is spilled over the cowl in
distance 4. Thus, 1f side plates are such that side spillage
occurs, ell side spillage must take plsce iu the supersonic fiov
region forweid of the terminal shock wave.

The mathematical model considers side spill: ;» sround inleta that do
not bave extended side plates. Figure 27 illustratee the area through which
side spillage vas considered to occur for the mathematical wmodel of an inlet

Canstruction Lice
\ Parallel to Reap

Figure 27. 61de 3pillage Ares
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Clarnel 1 ,r/, Expansion Pan /
M__ R
il ®© e - ®

PR? /5 *‘ Stock
Tlov Diviler . V4 9} /
Cuaanel 2 \ A Q \‘\@ 8) 511y Line
..—A
Mc» Bbock \ )/ Ixpansion Fan
P SPIL \ \
° @ \ P AN @

Figure 28. 61de Spillege Co..uitions

having triangzular side plates. The inlet shown bas freestrear tube area
Ao entersing at the 1lip. The area 2 0CA = is taken as the total side
spillage area for the twc sides. To detemiug‘the drag of side spillage,
the spillage pressure Pgpyy must be deteruined,

Flzure 28 1llustrates o flov sit .tion similar to side spillage. Tvo
chtnriels of fiow are shown- Initially they are divided. Downsiream the
divider 1s elizinated for a short distarce., Charpnel §l conditions are
in1 t:rlly cinllar to cozditions on the first ramp of en inlet, Pygr, Mpr. On
& 4...% thoy are obtained by ramp turning from the freestreaw. Chanpel §#2
reprecent. freestrean corditions. As the Ilov pearses the opening in the
divicer, Charnel #1 flov expands into Channel §#2. This expansion forms en
aerodyrazic wadgze which creates an obligue shock wave ip Channel #2, raising
its pressure. The slip line angle is such that pressures in reglocs 3 and &
are rqual. For the small wedge turniug angles, o , of conventiomal inlets, §

is very closely given by
0=%2
Thus,
Assunption 10) Mspyy, and Pgpyy, are obtained by calculating them to
be the conditiocns efter turning thru the wedge half sngle from

the freestrecn.

The si1de 8pill flov 1s found from the continuity equation to be

Perm, spn. ol e 2 |2
fosrm * AsprL ——= = u:( "" ¥sprL
° 1+ '1 w2

S st i A S0
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Figure 29, Flov Field Forwerd of Terminal Shock
(No side Spiliage)

and tre side spillage drag is

Papp-srrL ® AosrrPepm = Fo)
In addition to supersonic spillage over the cowl and around the side
plates, the mathematical model .considers subsonic spillage over the cowl from
behind the terminal shock. For the case of an inlet having extended aide
Plates such that no side spillage can occur, figure 29 illustrates the
mathematical model flow conditione in the supersonic region forward of the
terminal shock wave. Here, flow enters the inlet. Flow A.syp 1s spilled
supersonically over the cowl, and flow Aq3up is svilled subsonzcally over the
covl in distance dl. Figure 30 1s a blow-up of the cowl 1ip region illustrating

Terminal Shock
\ .
. M
DapD-sUB 7\ LIP
Stagoaticn e —Pp Ar

Streamtube S

—
-
-—
— .
— .Y

Fgure 30 . Subaocnic Spillage
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sudbsonic spillage behind the teiminal shock. The free dody force-morentunm
diagram for cbtaining subsmic spilicie drag, Dapp-cyp, 1s also shown.

For a fev inlet configurations the raxmp may "oreak cvey" significantly
from a otraight line ahead of the cowl lip plane, thus prcducing an expansica
of the raxp flov by AALTp (see figure 30). On tha wind tunccl model the
"break away" was minor. It has been peglacted in the mathezmatical mcdel for
simplicity of hand couputations,

Assumption 11) The exteracal ramp is defined as & flat swrface
at angle ¢ up to the cowl lip plane,

Assuptions 10) and 11), respectively, iuply :nd defins the supe-sonic
flov conditions on the ramp as being fix:d. Assumption 20) implies that
Frp and Mgy do mot change vith side spillage, and Assumption 11) eliminates
effects of minor ramp curvatwres. Assumption 12), below, clearly states this
invariance detween oblique shock vave and ter.inal shock wave.

Assuzpiion )2) For inlets with side spillage or minor ramp
curvatures, the Mach nuxber and the pressure along the
ramp are assumed to be constant and equal to the condi-
tions behind the oblique ramp shock wave,

The subsonic spillage drag by a force-momentum dalance is

Dppp-gun ™ 708 @ (PrrpArrpMfe- PrghygRs)

+cosa [‘z'.xp (PLrp = Po) = Agg(Pyg = Pn)]

. Figare 31 shows the coamplete flow field with supersonic spillaga,
subsonic spillage and side splllage. As the flow travals up the rezp
behind the oblique shock some of the air 1s spllled over the sides, and
the stagnation streamtube expands to Agp, although Assumption 12) neglects
the effect of this expansion on PRP and "RP“ Thus, the mathematical model
raxp flov conditions are those of a two-dimensional inlet (ro side spillage)
vith a freestreanm tube area equal to A ppp Vhere

Acerr = Ao * ~ozpm

Asy = Aozry (App/A®)/(Exp/Bo) (A/A%)

The totsl thearetical adtitive drag for the supersonic case s, thn,
the sum of the three spillags drags

and

(Parp ) eory = Papp-6uP * Parp-sum * PArp-errL
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vhere, in swmary, -
Pamp-sup * Aosup(Pry = Bo)

Drrp-gus = Ycos & (Pupp Autp Mupf - Pgs A Kis)
"°°'°‘[‘x'.n’ (Pupn = Po) = Agg (Pyg = o)]
Daop-zem * Aozer Peem = o) \

5. Machine Procrem. The main program of the rectangulad inlet additive
drag program golves the (Dppp)rppcpy equations just descrided. Table I 1s
a listing of progranm tubroﬁg nes. X complete set of flow dlagrams ez a
program listing ere included in figures 32 a:d 33. The supersonic branch
includes an iteration process that calcuiates the zaximms mass flow ratio
vhich the inlet can ingest, assuxing no internal choking. This routice is
eatered if the sum of the input mass flov ard the side splllage 1s greater
than Acop-MAX. A sample of the cutput for this case and other cutput csces
are included in figures 34 thrv 38. Pigure 3y .iovs the print out key, axd
table IT 1s a listing of print out definitions.

Iwo wmajor subroutines included 4n the program are discussed delow.
Flov diagrans and program listings for these are included in figures L0,
41, 42, and 43.

The Ideal Deflection (IDEP) subroutinc calculates the flow cozditions
bSehind attached oblique shock vaves using equations from reference 14 .
IZ an obligue shock solution 1a pot posaible, the main program calculates
flov cotditions behind a normal shock using equations frcm the same
refercrnca.

The €ide Spillage (SPIL) subroutine calculates the freestream tube area
of the air that spills supersonically arowrd inlet side plates. It is
linited to inlets having only one cdligque shock, as is the main program,
and to the side plate shapes used in this test. The side spillage area
is found by the use aof copgruent triangles amd the known inlet gescmetry
as showvn in figure ki, Use 1s male of the plane gecastry theorenm:

For tvo congruent triangles, the ratio of their areas is
equal to the square of the ratio of a representative
dimension. ’

Nov Ag 1s & 1ejresentative dimension of the triangls OSA, amd AQp..(AX
1s the corresponding dimension of OEC. Similarly, (App.pax - Ao?'u 'y
representative dimension of ACB, and ARD-MAX is the correspcnding
representative dimsnsion of O3, :

06A = Ayyx-87 (Ao/Acpairx)?
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AR = Ay [ (Aozp sk ‘o)/ *oen-mx]z ‘

‘sm."z[‘mx-sr"‘o/‘ ux ) * “m“"‘o/‘o@-am)]

The continuity equadion can now be used to coavert the sti-ean erea of the
spilled air to a freestream tube area.
1/2

Aosprr, = Aserr(Pap/Po) (“sm/“o)"‘ (af2) -
l1e¢ 7'1 ’é

Although ary amount of "cut back” area can be used, Ayspry, should uwot
be calculated for magss flows less than (see tigure . To uge ths
progre; for extended or "two~dimensional” sids plates, a largs pegutive
Gumber mist be put 1n for Acyp/A, and zero for Apg /Ag.

,

TG UL Mo kol s i e e % L St e i B G mamsnim i e ot sy e e A e —— e O N i i s

L= T

o

o

i

H

i

M

- :
!

i i

~ H

; 3

. ) { !

BETRY QTP 15 — - T N7 E PUPTTP R R pur ey Rp— S




NOATN AMERICAN AVIATION. INC. , L0S ANGELES BIVISICH

Tavle I

Machine Progrsa Subroutines

Subroutine Desceription

0718 (Main) Control Program. Also does the majority
of the ealeulciicas of Additive Drag.

EPIL | Calculates :.:catri-a tube area that $s
spilled supersoniciily around the side platas.

ey Calculates the conditions behind a two

‘ dimensicual st.iched obliqus sbock.
DECR " Reads in dats. If more than ane cuc2 is
/ being run it 4s only necessary to hove
! input eards on the inputs that are different
; than the preceding cese. If no nmev valus is

given for a particular input 1t will use the
mmututpwummcodingcm

CLEA Sets the data storage regicn to zero.

ARCCT3 Calculates the arccosine.

ARCSTH Calculates the arciine.

ARCTAX Calculates the arctangent.

cossM Calculates sine and cosine,

cuRx falves basic cudbic equatiom.

CURTO0 Calculates cube root.

5URT Calculates square root.

-




Read Data

Print Data
|

B/ = (e = Map)/a
' |
Ahm) .,

- ?
I Ta
(4]

Calculate Usoful Parczaters
(7<) 5 1/(ra1) 3 (ye1) 53 (7<2)/2 ;
M2 5 7/(7<2) 5 (y9)f2 3 2v/(y4) ;
(741)/2(71) '

|

Calculate Upstrean Aero-Therno Paruzetors

o, 107 Ko
N 2

2
o= ( 7/2) ¥,

A 1, 7a (7 +1)/2( 7 =1)
g (’r:'/ -5-)
?/(7 -1
P, "“!o/’o’ / )

%9




NOATH AMERICAN AVIATION, INC.

c@

L0S ANGELES Division

Bupevcsciic et

Call Ideal Delflccii .o Storoutine

To Cbtain Canditicns Laonird Cul

]
If Datached

True

D
Ommm Branch

Yalse Attached Branch

s () (2o (2

)

I=0
1
Call £14a Spillage Subioutice
1
(“o) - Ao AoSPII.
) ¢ /EX? A¢:
1
Aconaax A
True Ir Ag > (i:
i False
(‘o) . Acopanx
k% Jomr Ao
] |
IelIs
) 4
Ay . 53_
L%y A
Pigure 32, Continued
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|

do  lezmaux | Aospm
. Ac ‘c ' "0
Call Sile Bpillage Sudbroutins Intrance 2
® i
Talse ( Ai..) -
£ 1) It =T ¢ L.E. 10'7
it > 0§ A
True =
e
Trua
Irror

Ao \As Jerp\A® B / \a*
i
e
Ay A,
4
m Ifl(mL.E-l.O
I —n—
Vs = Vg Yaloe i
= I Y-l 2
I e 22w Jue
P . : ¥y °© —
)2t 4 2 y a1
l 7% -'2_.
I
%-100

-

9 ,.‘s'l-xl(r-x) (741) ugg? 7/(7-1)
B | (7 2 pigg™v2

Figure 32. Continued
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!.

N —
Frg .(f’__) / f::)
Po Pry \Po

Axs

I

(r+1)/2(741)

¥as

24 (741) rs2
(7 +1)

4

!

RCIIENE

|

Calculste ¥pyp Using the Novicn Metiod of
Iteration on the Expressico:

Mp 1 [zo(r-:.)xmg] (ra1)/2(7-1)

- ammme
A® MLTP (r 91)
Use Initial Value of M rp Noar Inflection

rirst Try (¥pyp) = 0.3

1
-
Prrp - 2| -7/r-)
(32)- |2+ 23]
1

© EEIEEHED

Py

Mgare 32, Cr.tinued

] - - . o




[ (]
| ,
AosuB io_@m A_o_ ) —]
Ac ;c A /gy
!ccmm ol ( Z@ '1)72H02
ao-grrs » 2 (:fm '7)72%2

Figure 32, Ccatinued
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Detsched Branch
@smum'.c aouach
. - 1/2
Vpp = ¥y ‘n:‘-{:i?_ (7%2.)"_%1_,_)]/
“o
|
Prr Pey
Prra 1.0 A P ¥ (M°2-1)
P, Po 7+
l -, L .‘ -
— A T7 L2 +2 Fo |
[+] T —
— s Twe
L3=0 P P
PQ
. ¥ = ¥zo
Mag~ O | -

= (=)(ENE)/()

Calculate ¥y yp Using the Kowton Metbod of

Iterstica on the Expressicn:

ap oL fze(ya) w (ya)/2(7-1)
WX yot ] -

Use Initial 7alue of M Near Inflection
First Try ¥ @ 0.3

It does not converge

®

Figure 32 . Continued
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Tedle I

Print Out Definiticas

Definiticns

Exr/%

_ MaAitive drag coefficient, (D/Pore).

8ile plate are ratio minwas tria gular side plate
ares ratio.

An imaginary ares used in s14s spillage calculaticn
as the known part of a ccengrusat triangle ares ratic.

Inlet 11p station area ra..o messured fram covl
leading edge to ruxp surface measured perpendicular
t0 the flat part of the socond raxp.

Inlet 1ip station arci ratio measured from cowl
leading edge to & straight line extenmasica of ths
forvard part of the seccnd raxp measursd perpendicula
to the forvard part of the seccnd rump.

Raxp frootal area ratio measured from first raxp
leading edze to ‘nlet 1lip statiue defined in ALIP/AC 4
(L e ALy cosg/ny)

Mass flov ratio spilled supersonicly around ¢h.
side.

Yass flov ratio spilled subscnically over the covl.
R
Mass -flov nt‘id §pilled supersonicly over the covl.
el

Mass flov ratio entering the inlet.

aditive dreg coefficient, (D/qoAc).

Portion of additive draz due to supsersonic spillage
of the air around the sides, (D/qoAe).

Fortion of additive dreag dus to vudsonic spillage
of the air over the covl,  (D/qA,).

Portion of additive drag due to superscoic epillage
of the air over the covl, (D/qohe).

Total pressure ratio on the ramp,

76 .
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Tedble I Continued

Syzbol, Definiticns

Wop Mach nwber at the inlet 11p statica.

¥pg Mach nusber behind the normal shock.

H;.{p Initial Knh‘wmbor on the remp, (fcr.cmmcmic
Mgy is sssuzed constent over the total rexp).

Mo Freestresn Mach nuzber. |

PI.IP/Po Static pressure ratio at 11p station.

Pys/Po Static pressure ratfo behind the pormal shock.

Pry/Po Initial static pressure retio on the rezp.

¥ Inlet width | .

X Horizontal distance from the first roamp leeding
edge to the covl leading edge (in inckas).

Y Vertical distance fram the first rerp leading edge
to the covl leading edge (in inchss).

a First rm angle - froz freestress.

y Specific beat ratio.
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Esntrance

Calculate Use. ul Parczoters
(¥41) ; (ye1) ; (YR)/s

1

8hock Angle of Msx Deflectico Flov

. 1/2
maoé ) (7+1) 2 b "f(“:-’a 7-:)‘ 16
MAX gy“: (7+) ' & Y4
l .
- a1/2
e°t06 » 1 - 11/
MAX un20‘ |
‘MaXx Deflection Angle
2 29 -1
am-n‘cm cot @ (”1 ‘m )
Hax (mm1
("1 sin 96 )
- 2 2
Detached xra-am —0 o150 = 8105605 0
.
Retumn
Solve The Cudbic Eq'n For 81029
un69 +b ain*6 tcessfrdaen
2 z«’ 1 Q 2
b""a’ -runadzc- (7’) (v }m’de.-““
L1 'E

l

Figure 4Q Idsal Deflecticn Sudroutine
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-8 wiop—©

. 2 a12%0 - (¥1)

23 ([m)

[( 7 91) Hi s1n2 §

(7 <1) 13 s e}

y/(y <)

2
!

: Pé (ra)
\n

()% e & 02 15 )

(71 s12%41)

5o

(2718 wuo- ()| [ (7-0) 8 wusPo v o]

M/:E

[ 2+ (7-1))@

]( ra)/2(y<1)

"

1
B | (re)

]

'3

Return

Pigure 0. Concluded
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Entrezco
|
Max-st 1 | Acpamx 1. V1 e atn?
%"z —-.;-—] g por e

Call Idesl Daflocticn Cubroutine
To Obtain 8ide Opill Conditicns

Entrance {2

Am - Z[MAX'%

1
Ase \*, Ao A f,
Accp.sux/Ac Ae A

]

Ao
|
0
P

= () () ) [

|
Return

Figure k2, Bide Spillage Dubroutine
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ROATH AMERICAD AVIATION, INC. / 108 ANSELES DIVISION ) ) 1

AFPEDIX III
COQILATION O7 DATA PLOTS

Appendix IIT 1s an ecewwulation of plots of data or tscton derived
from data, figures 4S5 thru 115 inclusive. .
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D/qo Ag <~ DRAG CCEFT,

(Ao/Ae) ref.

0.796

L]

oM

6

5

ot

3

I MO

1%

A

oM

Ao/Ag

3
INLET MASS FLOW RATIO
Pigure 45, ADDITIVE DRAG COEFP, SHAPESC~» MEASURED vs, THEORY, Mg ® 0.69
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s\ | CONFI. (<% a° M, (Ao/Ac) ref.
% RISP1C1 5 5* 0.84 0.79%
’ A . C2 " " L] L]
D CB " ] " [
o Cl‘ L] L] " ”
v cq " [, ] ”
0 w ” " " [
7
.6

TIZCR, ADDITIVE
DRAG COEFF, SHAPE

*?

D/qo Ac «— DRAS 0ETF.
rs

: MEASURED ADDITIVE . \
DRAG COEFY. smpg N
3 [oe] = Fect®e] N\
o2 f
& |
° o 5.3 b 5 6 o7 .8

. Ao/A e~ INLET MASS FLOW RATIO
¥igure 4§. ADDITIVE DRAC COEFF. SHAPES € MEASURED vs. THEORY, M, * 0.84
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-

D/q, A, <~ DRAG COFFF.

.8

o7

o

.
\n

.
&

SYM, | CONFIG. X'l B | (Ao/ae) ret.
o RISPICL 5 s | 1.09 0,796
A co " " " "
D c; " " " "
o cl " " " »
v CS " " " L]
0 (v " " ) "
~ \ i
\ .

-

THEOR. ADDITIVE
DRAG COEFF, SHAFE

[ee) -

MEASURED ADDITIVE
DRAG COEFF. SHAFE "\~

[ec * o4

N

&

Ao/Ac <> LLLET MASS FLOW RATIO

5

6

o7

Yigure 47, ADDITIVE DRAG COEFF. SHAFES & MEASURED vs. THEORY, My » 1.09

89
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BOATN AMERICAN AVIATION, INC. / Le8 ANBELLS BivisION

SYM.| CONFIG. i o° 5 ' X (Ao/Ac) ref.
0 RISP1C1 c® 5® 1.29 0.780
a o) T m - "
D C3 “ [} L] "
o C" " L] [ ] "
v CS ” [ ” ”
° o6 " ™ " n
o7
THEOR. ADDITIVE
DRAG COZFP. SEAFE
6
8
E
8 MEASUZED ADDITIVE 12/
g DRAG CGEFF. SHAPE
D | B e
o ol
-
&
Py
3
i,
\n
o Lt
0

o3 & .5 .6 o7 .8
Ag/Ae e~ INLET MASS FLOW RATIO

Figure 48, ADDITIVE DRAG COEYF., SHAPES < MEASURED va., THEORY, Mgy 2 1.29
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sYM.| CONFIG. [~ 0° Mo (Ao/Ac) ref.
e R1SP1C1 5 5 1.39 0.799
A co T om " " "
0 03 »" " " ]
o &l& ” L] ” "
v cs [, ] ” L] n
' 6 " " " "
6
o5
é &
o L]
&
§
3
<
K]
Py
Y
L
0?7 .5 .6 K3 .8 .9

Ao/Ac e~ INLET MASS FLOW RATIO
Pigure YQ.ADDITIVE DRAG COEFF. SHAPES ©- MEASURED vs. THECRY, Mo * 1.39
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SYM | CONFIG. o° | Qe " (Ao/Ac) ref.
o RISPACL. 5° 5° 1.69 0.841
O -4 CS_ ” " " "

b
THRNR, ADDITIVE
DRAG COEFF. SHAFE
3
: o}
g
g b MBASURED ADDITIVE
a8 DRAG COEFF. smg
{ [Fee] = [Foct e
‘0 3
(‘ §?
.2
Ve .‘ [ 4
0 51

o) ok 05 06 ) 51 -8
Ao/A, e INLET MASS FLOW RATIO
Pigure 50, ADDITIVE DRAG COEFF, SHAPES &~ MEASURED vs, TEEORY, My = 1.69
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WOTE: EACH DRAG CURVE EAS A DIFFERTIT ZERO LEVEL
{AS DDICATED) TO £57TAD DATA. RASTC SCALE
SHOWX FOR CL CILY. ,

SCALE ZEROS

0l 01 O

O-=L2

-.0'& O—ﬁc3

o->Ch

-, 08 O-b c5

o-» C6

..12

.-16

..20

-2k
o—!f——‘/

.3 .k 05 06 07 68 09
’. :
Ao/Ac o~ IRLET MASS FLOW RATIO

[ccc + ccg-—,cowz. + SIDEPLATE DRAG COEFF. (D/g,)

Pigure 51, COML + SIDEPLATR DRAG - KLSPLCL THRU C6, of =@ =5, Mo = 0.69

- 93

|
|

B > - PR TPy I“ Vo
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[écc + ccé]..-.co\a. + SIDEPLATE DRAG COEFF. (D/qoAc)

i

\

NOTZ: EACH DRAG CURVE HAS A DIFFERGNY ZERO LEVEL,
: (A8 IMDICATZD) TO EPFTAD DATA., BASIC SCALE

- SHOMK FCR C) CILY.

SCALX ZZROS (Ao/Ac) ret.
. . 0.79%
*.02 Jv ’
olo—sa © ’:
0-»C2 A ."a
-0k| 0—C3 O e~
o-.‘ék Lo/
.08 ] 0=»CS W ; , —
0—=06 0 '
..1? / -
-.16 n-// j
-.25 9/1
o_fr 3 N 3 N .6 7 8 9

Ao/Age— THLET NASS FLOV RATIO

ngiu" 52, CO'L v i/ IS DRAG e~ RISPICL THRU 06, K =@e5’, Mo = 0.84

o
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. BOT: PACH D0AG CUSYE EAS A DIFFITST 2000 LoviL
(A8 TDICATID) TO EITAD DASA.  BATIC ECALB
a |
: )
| 8CALE ZI708
e [l -
:b*. J
- ol 0—»01
g ‘
- : B ‘o“ 0—.@
g 08| 0—ut3
N
0 =»C5 'v
* .
o g «16|0—C5 () —p—
m «.20
w0
) ‘02‘ -!;
. o . . 03 ) 0‘ ) vs 06 07 .8 09
| , | Ag/AL~> TRLET MASS 7LOW RATIO _
. Pigure 53, COWL ¢mum$ommm TERI €6, oC =7 =50, My = 1.09
I 95 ] ;
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)
MOTE: EACH DRAG CURVE HAS A DIFFERENT ZERO LEVEL
(AS INDICATED) TO SFREAD DATA. BASIC SCALB
8HOWN FOR C1 ONLY.
SCALB ZEROS
*og? 1

ojo>qa o

o»c2 A 1~

.od"‘

>C 0

-.08
o> ch O

-.14 o»C5 WV

0* 05 0° 1

.016

E:Cc + ccs]woovx. + SIDEPLATE DRAG com (D/aoAc)

¥ .3 b .5 .6 1 .8 .9

Ag/Ay = THLET NASS FLOW BATIO
Figure 54, COML + SIDEPLATE DRAG e-» KLEPIQL THRU C6, o =/3 =5°, Ko = 1.29
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e e R G




MOATN ALIRICAN AVIATIOR, JNC. / 108 AGSELES Bivisicw

NOTE: EACE DRAG CURVE EAS A DIIPIITIT ZED0 LEVIL
SB0WH FOR C1 €LY,

8CALE ZEROS (Ao/Ac) et ,L
. 0.799
* .0 4 : y
. /
ojo»CL O - k — / y
o—>C2 A A/B/d“/

-»C3 O

o

| AL
ear o iy
/

-;12 'ﬂ"’ 05 v

<.} 8] O 06 b

e

E:ccw ccé] <~ COML ¢ SIDEPLATE DRAG COEFF. (D/qA.)

.02,’——;}
. 0 03 oh os ‘ t6 '7
AofAg e THLET KASS FLOW RATIO

Tigure55 . COML + SIDIPLATE DRAO e RLSLCL TERU CE, (=9 5%, %o = 1,39

8 9
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CONFIG. % f<ad A (Ao/Ac) ret.
RISP1C1 5 5 0.69 0.79
c2 ‘w " " ] hd
o . . . .
d‘ L] ] L] L]
cs ” L] L] ]
“ [ ] L] ” L]

1.0
.8
B
E
-
€3 .6
gﬁ
= 2
gg
o
]
§
L
’{
° o_L % | R .5 N3 o7 .8

* /Ac & DUET MASS FLOW RATIO
7igure 56. Kapp, RISPACI-05, My z 0.69
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CONFIG. of* 8° Mo (Ao/Ag) rer.
R1SP1C1 5° 9° 0.69 0.715
1!0
.8
£
B E
[+
g 2 .6
5 g N
gé ol \
§
2
2
0 £ '
O—Q o’. ) o6 ! 07 .8

Ao/Ay e~ DNIST MASS FLOW RATIO
. Mgure 5T . Kypp, RISPICL, M, = 0.69
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ICAL ALDITIVE DRAG

KADD ¢.» CORRECTION FACTOR FOR

CONFZ3. o’ j‘ M,

(Ao/Ac) ref. |

RISP1C1 5° 12* 0.69 0.71%
i
1.0 —

.8
.6} -

§
RN
02 j—

!
0 —f l
O 03 uk 05 06 07 -8

Ao/Ac &> INLET MASS FLOW RATIO
Pigure38 . Kspp, RISPICL, Mo » 0.69
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CONFIG. o’ g Mo (Ao/Ac) ref.
R1SP22) 5* 5° 0.69 0.756

1.0

3
(¢ ]

T~

THEORETICAL ADDITIVE DRAG
o

=

B

Kapp -, CORRECTION FACTOR FOR

™~

N

°
[ M

° 03 .“ 05 06 07 |8
Ao/Ag INLET MASS ~LOW RAT.O
Figure 59 Kppp, RISP2CL, M, ® 0.69
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CONFIG.

d.

(Ao/Ac) retf.

R2SPICY

Y

0.TL 0.723

1.0

R

ang

i

an s bt el ur rveme
v
e .
S 4
-5 e

T

o
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o
o
£ SO SR
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